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ABSTRACT 

A clear understanding of the pharmacodynamic properties of antifungal agents is important for the adequate 
treatment of fungal infections like candidiasis. For certain antifungal agents, the determination of Minimal 
Fungicidal Concentration (MFC) and time kill curve could be clinically more relevant than the determination 
of the Minimal Inhibitory Concentration (MIC). In this study, MIC and MFC to fluconazole, amphotericin B 
and caspofungin against C. albicans isolates and the killing patterns obtained with caspofungin and 
amphotericin B against susceptible and resistant strains to fluconazole were determined. The results of MICs 
showed that all C. albicans isolates were highly susceptible to amphotericin B, but two isolates were 
fluconazole resistant. The comparative analysis between MIC and MFC showed that MFC of fluconazole was 
fourfold higher than MIC in 4 1 .9% of the C. albicans isolates. Same values of MFC and MIC of amphotericin 
B and caspofungin were found for 71% of the isolates. Correlation between time kill curves and MFC of 
amphotericin B and caspofungin against all 4 isolates tested was observed. The caspofungin killing effect 
was more evident at MFC in 6 hours of incubation than at MIC in this time, suggesting dependence of 
concentration. The similarity of results of time-kill curve and MFC values indicate that determination of MFC 
is an alternative for the detection of the fungicidal activity of these drugs. 
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INTRODUCTION 

Candidiasis, the main opportunistic fungal infection has 
steadily increased over the past 30 years (15,24). Many factors 
and overuse of broad-spectrum antimicrobials agents improved 
life-sustaining therapy, aggressive anticancer therapy and the 
AIDS epidemic contribute to the increase of incidence of this 
infection (8,33). 

Oropharyngeal candidiasis is the most common clinical 
manifestation in human immunodeficiency virus patients (HIV) 
(16,24,34). Treatment of this fungal infection presents several 
problems. Besides the toxicity presented by amphotericin B, 



the widespread use of antifungal agents has induced to 
resistance to azoles ( 1 , 1 8,23). Therefore the clear understanding 
of the pharmacodynamic properties of antifungal agents is 
important for the improvement of the treatment of 
oropharyngeal candidiasis (4). Amphotericin B deoxycholate, 
considered gold standard for therapy of fungal infection due to 
binding to fungal membrane sterols, has been reported having 
of fungicidal action (6,18,33). The echinocandin caspofungin, 
shown be equivalent to amphotericin B for the treatment of 
candidiasis due to inhibition of 1,3 (3D glucan synthase, an 
enzyme essential for the formation fungal cell wall, has also 
been described as fungicidal (12,14,30,3 1). The azoles, such as 
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fluconazole, used in the treatment of superficial and deep-seated 
candidiasis, are described as fungistatic (19,22,32). 

For the adequate treatment of the fungal infections, the 
determination of minimal fungicidal concentration (MFC) and 
time kill curve could be clinically more relevant than the minimal 
inhibitory concentration (MIC) of some antifungal agents. 
Previous reports have shown that the same MIC of amphotericin 
B may correspond to different killing activities depending on 
the strain tested (6). In this study we evaluated the MIC and 
MFC to fluconazole, amphotericin B and caspofungin against 
C. albicans strains isolated from HIV + patients and the killing 
patterns obtained with caspofungin and amphotericin B against 
fluconazole susceptible and resistant strains. 

MATERIALS AND METHODS 

Microorganisms 

A total of 3 1 Candida albicans isolates were used in this 
study. These isolates, previously identified according to 
Kurtzman and Fell (2 1 ), were obtained of oral mucosa from HIV + 
patients. All patients gave written informed consent and the 
study was approved by the HC Bioethics Committee of Hospital 
de Doencas Tropicais de Goias (007/2004) and Hospital das 
Clinicas da UFG (027/07). All isolates were stored in sterile 
distilled water at room temperature and subsequently inoculated 
onto Sabouraud dextrose agar (SDA- DIFCO) for 24 h at 35°C 
before testing. C. parapsilosis ATCC 220 1 9 was used as control. 

Antifungal susceptibility testing 

Antifungal susceptibility tests for amphotericin B (Bristol- 
Myers Squibb), fluconazole (Pfizer Pharmaceuticals Group) and 
caspofungin (Merck Sharpe & Dome) were performed using 
the broth microdilution method according to CLSI M27A2 (25). 
The antifungal agents were obtained as standard powders and 
stock solutions were dissolved in water (caspofungin and 
fluconazole) or 100% dimethyl sulfoxide (amphotericin B). The 
final concentrations of the antifungal agents were 0.03 to 16 u,g/ 
ml for caspofungin and amphotericin B and 0. 1 25 to 64 (J.g/ml for 
fluconazole. MIC of amphotericin and caspofungin was defined 
as the concentration resulting in 100% growth inhibition (27) 
and of fluconazole was defined as the lowest concentration 
inhibiting at least 50% of the control tube growth (25). Isolates 
with caspofungin and amphotericin B MICs of > 1 p.g/ml and a 
fluconazole MIC of > 64 |ig/ml were considered as resistant 
(17,25,28). 

MFC Determination 

Minimal fungicidal concentrations were determined 
according to Canton et al. (6). Briefly, MFCs were evaluated by 
transferring 0. 1ml from all clear MIC wells (no growth seen in 
microdilution trays) onto SDA plates. The MFC was the lowest 
drug concentration that killed > 99.9% of cells. 



Time-Kill Curve Procedures 

Time kill tests using the methodology of Klepser et al. (20) 
were conducted for four C. albicans isolates and one Candida 
parapsilosis ATCC 22019 (control). These strains of C. albicans 
were selected according to a prior susceptibility testing, 
including two fluconazole susceptible and two fluconazole 
resistant isolates. Briefly, three to five colonies of Candida 
isolates grown for 24 to 48h on SDA were suspended in 5ml of 
saline, and the fungal suspension was counted using a 
hemacytometer. An appropriate volume of fungal suspension 
to yield a starting inoculum of 10 4 cells/ml was then added to 30 
ml of RPMI 1640 medium buffered with MOPS. Caspofungin 
and amphotericin B were added to individual cultures resulting 
concentrations equal to 0.5; 1; 2 and 4 times the MICs for the 
test isolates. Test solutions were placed on a shaker and 
incubated at 37°C. At predetermined time points (0, 6,12 and 24 
hours) after the incubation, lOOul volumes were removed from 
each test suspension, serially diluted in RPMI broth and plated 
on SDA ( 1 00 ul) for colony counting. All time-kill curve studies 
were conducted in duplicate and average colony counts (logio 
CFU/ml) versus time (h) was constructed. 

RESULTS 

Caspofungin and amphotericin B were highly active against 
C. albicans isolates. The MIC for all isolates was < 1 |J.g/ml for 
these two antifungal agents, with ranges of 0.06 -1.0 p.g/ml for 
amphotericin B and 0.015 - 1.0 |J.g/ml for caspofungin. For 
fluconazole, two isolates were resistant, with MIC > 64 (j.g/ml. 
The range of MIC and MFC, MIC 50 and MIC 90 of these 
antifungal agents against Candida albicans isolates are shown 
in Table 1. 

The comparative analysis of MIC and MFC indicated that 
MFC of fluconazole was four times higher than MIC for 13 
(41.9%) C. albicans isolates. Same values of MFC and MIC of 
amphotericin B and caspofungin were found in 22 (7 1 %) isolates 
(Table 2). 

The killing patterns of caspofungin and amphotericin B 
constructed in RPMI 1 640 medium buffered with MOPS against 
Candida isolates were similar to MIC or MFC values. For 



Table 1. In vitro activity of three antifungal agents against 31 
C. albicans isolates obtained from oral mucosa of HIV + patients. 



Antifungal agents 


MIC 




MFC 


range 


50% 


90% range 


Fluconazole 


0.125 -> 64 


0.5 


2 0.5-256 


Amphotericin B 


0.06-1 


0.25 


1.0 0.06-2 


Caspofungin 


0.015-1 


0.125 


0.5 0.06-2 
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Table 2. Relation ship between MFC and MIC for three antifungal 
agents against 3 1 C. albicans isolates. 

MFC _ n x MIC Number (%) of isolates with MFC 
n-folds higher than the MIC for 



Fluconazole Amphotericin Caspofungin 
B 



MFC 


= MIC 


5(16.1) 


22(71) 


22(71) 


MFC 


= 2xMIC 


12(38.7) 


6(19.3) 


9(29) 


MFC 


= 4xMIC 


13(41.9) 


3(6.4) 


0 


MFC 


= 8xMIC 


1(3.2) 


0 


0 



amphotericin B fungicidal activity, the maximal effect was verified 
in 6 h of incubation at concentration equal to MIC for three 
isolates (isolates 2, 3 and 5) and at concentrations equal to 
MFC for one isolate (isolate 34) and for C. parapsilosis ATCC 
22019 (Fig. 1). The maximal effect of caspofungin fungicidal 
activity occurred in 6 h of incubation at concentration equal to 
MIC for isolates 34 and for C. parapsilosis ATCC 22019, while 
for isolates 2, 3 and 5, this activity occurred in 24 h. After 6 h at 
concentrations equal to MFC the maximal effect was observed 
for all isolates (Fig. 2). 

DISCUSSION 

The antifungal susceptibility results indicated that all 
Candida albicans isolates obtained from HIV + patients were 
highly susceptible to amphotericin B and caspofungin. It is 
well known that amphotericin B and caspofungin have excellent 
in vitro activity against C. albicans. MICs of caspofungin < 1 
ug/ml were found for 99% of 3959 clinical isolates of Candida 
studied by Pfaller et al. (29), and a concentration of 0.25 ug/ml 
was able to inhibit 90% of C. albicans isolates. A antifungal 
testing performed against 1997 clinical isolates of Candida 
obtained from BSI (bloodstream infection) showed that 
amphotericin B was highly active against most isolates with 
MIC90 of 1 |J.g/ml for C. albicans (28). In this study, the 
susceptibility profile exhibited for all C. albicans isolates to 
these two antifungal agents was < 1 ug/ml, with the MIC90 of 
caspofungin of 0.5 ug/ml and of amphotericin B of 1 .0 ug/ml. 

Although used in standard prophylaxis and therapy of 
candidiasis (22) two isolates were resistant to fluconazole. These 
resistant isolates were susceptible to amphotericin B and to 
caspofungin with MICs of 0. 125 and 0.25 ug/ml for amphotericin 
B and of 0.25 and 0.06 ug/ml for caspofungin. In vitro studies 
have reported fluconazole resistant Candida clinical isolates. 
Among the 3959 isolates of Candida studied by Pfaller et al. 
(29) 157 were resistant to fluconazole. Interestingly, these 
researchers verified that caspofungin was active against the 
fluconazole resistant Candida isolates. The results of the in 



vitro susceptibility tests obtained by Nowika et al (26) also 
indicated the occurrence of fluconazole resistant C. albicans 
isolates susceptible to amphotericin B. Treatment failures and 
recurrence of infection has been seen involving the use of 
fluconazole (10,30,33). 

Several researchers reported the fungicidal activity of 
caspofungin and amphotericin B (7,9,30). In this study, for71% 
of C. albicans isolates the MFC of amphotericin B and 
caspofungin were equal to MIC (Table 2). For caspofungin, the 
MFC was 2 x MIC (Table 2) in 29% of the isolates. For 
amphotericin B MFC was 2 x MIC in 1 9.3% and 4 x MIC in 6.4% 
of the isolates (Table 2). Similar results have been observed by 
Canton et al. (5) for amphotericin B, who reported differences 
between MIC and MFC greater than four dilutions for two C. 
albicans isolates. For caspofungin, MICs comparable the MFCs 
for C. albicans were reported (2,13). 

Little is known about the role of differences between MIC 
and MFC in treatment failure, and more studies are needed. 
Canton et al. (6) have postulated that the use of the time kill 
curves to provide assessment of fungicidal activity is better 
than MIC or MFC endpoint. 

The in vitro pharmacodynamics findings by time kill curves 
revealed that amphotericin B fungicidal activity was only exerted 
at 2x MIC for one isolate resistant to fluconazole and for C. 
parapsilosis ATCC 22019 (fluconazole susceptible). MFCs for 
these isolates were also greater than 2 x MIC. For two susceptible 
and one fluconazole resistant isolates, the fungicidal activity 
was equal to MIC (Fig. 1). Despite presenting similarity to of 
Canton et al. (6) that suggested that the fungicidal activity of 
amphotericin B against C. albicans is strain dependent results 
of the present study suggest that the killing effect is 
concentration dependent as well. 

According to Ernst et al. (11), the killing of C. albicans 
under caspofungin effect is concentration dependent, too. In 
this study, the caspofungin killing effect was more evident at 
MFC in 6 h of incubation than at MIC found to this drug in this 
time (Fig. 2). It is known that the levels of this antifungal agent 
attainable in the plasma for clinical isolates treated with 
caspofungin has been seen to be fourfold or more the MIC 
values detected in vitro (30). 

In summary, the time kill curves against C. albicans suggest 
that amphotericin B is more potent than caspofungin. The 
maximal fungicidal activity amphotericin B of (E max ) is achieved 
at 6 h of incubation, while for caspofungin the maximal activity 
was seen after 24 h. These results were similar to those reported 
by Bonaventura et al. (3), who verified that EC 50 (concentration 
producing 50% of E max ) for amphotericin B and caspofungin 
against the Candida isolates were achieved in 0.8 h and 1.3 h, 
respectively. 

The similarity of results of timeTdll curve and MFC make the 
determination of MFC an alternative for the detection of the 
fungicidal activity of these drugs. 
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Figure 1. Time-kill curves for amphotericin B against clinical C. 
albicans isolates. A-isolate 2 (MIC= MFC=0.25 (xg/ml); B-isolate 
3 (MIC = MFC= 0. 125 ug/ml); C-isolate 5 (MIC=MFO 0.25); D- 
isolate 34 (MIO0.25; MFC=0.5 jig/ml); E-C. parapsilosis ATCC 
22019 (MIC= 0.25, MFC=1). - Growth control; ■ = 4X MIC; 
♦ 2X MIC; ▲ = MIC; • = 1/2 MIC. 
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Figure 2. Time-kill curves for caspofungin against clinical C. 
albicans isolates. A-isolate 2 (MIO 0.25, MFC=0.5 Ug/ml); B, 
isolate 3 (MIC = 0.25, MFO 0.5 ug/ml); C, isolate 5 (MIC=0.25, 
MFC= 0.5); D, isolate 34 (MIC=MFO0.06 ug/ml); E, C. 
parapsilosis ATCC 220 19 (MK>MFC=0.25). — Growth control; 
■ =4X MIC; ♦ =2X MIC; A =MIC; • =1/2 MIC. 
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RESUMO 

Teste de suscetibilidade de Candida albicans isoladas 

da mucosa orofaringeana de pacientes HIV+, ao 
fluconazol, anfotericcina B e caspofungina. Cinetica 
de morte de caspofungina e anfotericina B contra 
isolados fluconazol resistentes e suscetiveis 

Um claro entendimento das propriedades farmacodinamicas 
dos agentes antifungicos e de grande importancia para o 
adequado tratamento das infeccoes fiingicas como a candidiase. 
Em alguns casos de escolha do agente antifungico, a 
determinacao da concentracao fungicida minima (CFM) e a curva 
do tempo de morte podem ser mais clinicamente relevantes do 
que a concentracao inibitoria minima (CIM). Nesse estudo, foi 
avaliado a CIM e a CFM de fluconazol, anfotericina B e 
caspofungina em Candida albicans e ainda os padrSes de morte 
obtidos com caspofungina e anfotericina B de isolados 
suscetiveis e resistentes ao fluconazol. Os resultados de CIM 
mostraram que todos os isolados de Candida albicans foram 
altamente suscetiveis a anfotericina B, entretanto dois isolados 
foram fluconazol resistentes. A analise comparativa de CIM e 
da CFM mostrou que o CFM de fluconazol foi quatro vezes 
superior a CIM para 41,9% dos isolados de Candida albicans. 
Valores iguais de CFM e CIM de anfotericina B e caspofungina 
foram encontrados para 71% dos isolados. Correlacao entre a 
curva do tempo de morte e a CFM de anfotericina B e 
caspofungina contra quatro isolados testados foi observada. 
O efeito de morte de caspofungina foi mais evidente na CFM 
ate 6 horas de incuba^ao do que na CIM nesse mesmo tempo, 
sugerindo a dependencia da concentracao. A similaridade dos 
resultados da curva do tempo de morte e os valores de CFM 
indicam que a determinacao da CFM e uma escolha alternativa 
na deteccao da atividade fungicida destes agentes antifungicos. 

Palavras-chave: Suscetibilidade antifungica, Candida albicans, 
Curva do tempo de morte 
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